The study of cytotoxic T cell (CTL) responses to measles polypeptides in persons with different HLA frequencies will provide information for the design of new vaccines. Peripheral blood mononuclear cells derived from African blacks and Caucasians were stimulated with measles virus -infected autologous cells and tested in a standard 51 Cr-release assay against autologous B cells infected with vaccinia virus recombinants expressing measles virus antigens. The proportion of subjects who generated CTL to the fusion, hemagglutinin, and nucleoprotein antigens was 43%, 38%, and 28%, respectively. The use of HLA-mismatched targets showed killing to be restricted by both HLA class I and class II antigens, although CD8-mediated class I cytotoxicity predominated. Measles vaccine boosted CTL responses in subjects with low initial activity. These data suggest that the fusion and hemagglutinin proteins are important targets for the measles CTL response.
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Measles virus results in an acute respiratory tract infection
virus vary in their propensity to infect cells and also in their ability to cause immunosuppression. These are some of the that is one of the primary causes of death of young children in developing countries (reviewed in [1] ). The presence of reasons the studies attempting to demonstrate measles virusspecific CTL responses and identify their phenotypes during maternal antibodies in infants is one of the main reasons for measles vaccine failure. Thus, the children are vaccinated at 9 measles and in immune persons have been controversial. While early studies showed the existence of CD8 HLA class I -remonths of age to allow maternal antibody to wane. However, this compromise opens up a window of infection, because the stricted cells [4, 12, 13 ], these were followed by series of observations that suggested that CD4 HLA class II -restricted wild type virus is highly endemic in areas such as West Africa and strikes many children under the age of 9 months in whom T cells play a major role [14 -16] in the cellular immune response. A recent detailed study using T cell lines once more maternal antibody has decayed.
Measles induces both humoral [2, 3] and cell-mediated resupports the role of class I major histocompatibility complex (MHC) -restricted CTL as an important immune response in sponses [4 -6] , and recovery from measles results in lifelong protection [7, 8] . The duration of protection due to measles measles infection [6] . All of these studies have been carried out in Caucasoid vaccine is, however, variable, and among those with vaccineinduced immunity, reexposure to circulating wild type virus to patients and subjects. CTL recognize short peptide fragments derived from endogenously synthesized proteins presented by maintain immunity is probably necessary.
In many viral infections including measles, clinical and exclass I molecules of the MHC at the surface of infected cells [17] . Recognition of a particular peptide is dependent on the perimental observations support a major role for T cells in the clearance of and protection from infections (reviewed in [1] ).
class I MHC haplotype of the host organism. As severe measles is endemic in Africa and as there is a need to establish comparaHowever, in measles, the study of functional cytotoxic T lymphocytes (CTL) in vitro has been difficult because the virus tive information on cellular immune responses in non-Caucasian populations with different HLA frequencies, we have been infects peripheral blood mononuclear cells (PBMC), including macrophages and T and B cells, and causes immunosuppression developing methods to study CTL responses to measles in some Gambian as well as European subjects. The study of CTL both in vivo [9] and in vitro [10, 11] . Different strains of the responses to measles in immune persons and during recovery from disease should provide significant and timely insight in the design and development of new vaccines.
set B95-8 cell line [18] . Measles antibodies were determined by CTL assay. Cytolytic activity was measured in a standard 51 Crrelease assay at an effector-to-target ratio of 20 viable effector hemagglutination-inhibition assay with a sensitivity of 16 mIU cells to 1 viable target cell. In the cytotoxicity assay, target cells [19] . HLA class I typing was done by standard serologic microcywere prepared by incubating autologous EBV-transformed B cells totoxicity method, and the HLA of 10 of the subjects were conor allogeneic HLA-matched or -mismatched cells with vaccinia firmed by the sequence-specific primer-polymerase chain reacvirus recombinants expressing measles proteins or b-galactosidase tion-based method [20] . This allowed us to subtype class I alleles at an MOI of 5 for 2 h at 37ЊC. The cells were then washed and and provide information on DR and DQ HLA class II antigens. cultured in RPMI medium (supplemented as in R-10 except it Two B cell lines (T7526: A2, B46, C11, DR9, DQ3; BM16: A2, contained 20% FCS and is referred to as R-20) overnight at 37ЊC B18, C7, DR12, DQ3, DP2) of HLA haplotypes rarely seen in in a 5% CO 2 humidified incubator. After a further washing, these The Gambia were used for mismatching experiments. These cell infected targets were labeled with 100 mCi/mL sodium [ Cr incorporation 0 spontaneous release)]. Spontaneous release mM L-glutamine, penicillin (100 U/mL), and streptomycin (100 was õ20%. The percentage of lysis to control vaccinia virus was mg/mL) (R-10 medium), the cells were subjected to three cycles subtracted from the value for the measles virus antigen to give a of freezing and thawing and then sonicated. The cell fraction was value for measles virus-specific lysis. If this was §10% it was removed by centrifugation, and the virus was titrated before being regarded as significant. kept in aliquots at 070ЊC. R-10 medium and incubated with 5% interleukin-2 for 30 min.
Preparation of effector cells and induction of CTL. Effectors
These cells were then used in the 51
Cr-release assay. To assess the were prepared from freshly isolated PBMC cultured in 24-well purity of separation, the depleted cells and detached cells were also plates (Costar, Cambridge, MA) at 2 1 10 6 /well in R-10 medium analyzed by cell cytometry (Becton Dickinson Immunocytometry at 37ЊC in a 5% CO 2 humidified incubator. The strategy for stimuSystems, Mountain View, CA) by use of the Cell Quest program. lating CTL with Edmonston measles virus was a modification of Two-color staining of 2 1 10 5 cells was done with anti-CD8 or a method by Lubaki et al. [21] used in human immunodeficiency anti-CD4 MAb directly conjugated to phycoerythrin (DAKO, High virus (HIV) studies. Briefly, 10% of the PBMC were infected with Wycombe, UK) and fluorescein isothiocyanate (DAKO), respecthe measles virus at an MOI of 1 for 16 h at 37ЊC. The cells were tively. The Dynabeads used reliably depleted 80%-90% of CD4 washed and exposed to UV light for 2.5 min, washed once more, or CD8 cells. and returned to the PBMC in culture. The optimal duration of UV irradiation was determined by assessing the level of infectivity of infected cells in B95-8 cells and the viability of cells after the UV Results exposure: In the 2.5-min UV irradiation, 70% and 18% of cells HLA class I -associated peptide ligand and CD4 T cells recognize antigens presented by HLA class II molecules. To determine the MHC restriction of the stimulated CTL effectors, cultures were tested against a selected panel of HLA-matched and HLA-mismatched targets expressing measles virus proteins. The detailed analysis of 1 subject (subject 1), whose cells consistently generated strong measles virus -induced cytotoxicity, is shown in figure 2A : Cytolysis is directed through both HLA class I and class II molecules. The class I -matched targets shared HLA A1 and A3 alleles with this subject and were completely class II -mismatched, while the class II -matched targets shared the alleles DQB7*0301/4. The percentage of killing was more marked against class I -matched targets and similar to the cytotoxic response to the autologous targets, suggesting a predominance of activated CD8 T cells. The absence of cytotoxicity to a target that was both class I -and class II -mismatched indicated that the cytotoxic response was HLA-restricted.
We examined the phenotypic characteristics of the effector cells of subject 1 in a separate experiment by separating the cells of the stimulated bulk cultures with immunomagnetic beads. The detached subpopulations of cells from the beads were tested against autologous EBV-transformed B cells expressing measles virus antigens. Figure 2B shows that the CTL response was mainly effected through CD8 cells, because killing at a low effector-to-target ratio of 12:1 was high. Purified CD4 cells did not show any killing. However, in another sepa- Caucasian subject (subject 4; results not shown).
We made further detailed studies in selected responders who African subject (subject 10; A) and 1 Caucasian subject (subject 4; B) at various effector-to-target ratios. Table 1 shows that in had common West African HLA frequencies. The results (table  2) indicate that in 2 of the 3 subjects, CTL activity to measles 43% of the seropositive adults, specific CTL were directed to the F protein and that in 38% and 28%, cytolysis was directed was directed through both HLA class I and class II antigens. The shared alleles B8 and B53 were found to be the class Ito the H protein and NP, respectively. No CTL were raised against the M protein. More than half of the adults (56%) lysed restricted types in the CTL of subject Z114, whereas in subject Z86, CTL were restricted through B35 only. The HLA class all three target proteins. The absence of cytotoxic response to the control vaccinia virus -infected targets (õ10% lysis; data II allele DQB7 was the restricting element in 2 of the subjects, as was found in subject 1 ( figure 2B ). One subject, Z116, failed not shown) indicated that the response to each of these antigens was specific. There were no obvious differences in the cytotoxic to show class I -restricted killing, the shared allele in the class II killing being DR4 and DR52. pattern to the specific antigens between racial groups nor was there any correlation of CTL response with antibody levels.
Measles-specific response after vaccination of adult nonresponders. We were unable to generate CTL responses in 13 The average specific killing level at an effector-to-target ratio of 20:1 was in the range of 17% -25%.
of the 21 seropositive adults (table 1) . Four of these (subjects 2, 3, 5, and 6) and 1 (subject 7) who gave a marginal response to HLA restriction and phenotypic analysis of effector populations. It is generally accepted that activated T cells recognize F and H proteins were vaccinated with Schwarz strain measles vaccine and were retested 6 -8 weeks after vaccination. The antigens on the surface of antigen-presenting cells in the context of MHC molecules. The CD8 T cells have receptors for vaccine elicited measles virus protein -specific CTL, with an With a novel strategy of stimulating bulk cells with measles After vaccination, the PBMC of 2 subjects (subjects 6 and virus, adapted from HIV studies [21] , we have shown specific 7) were stimulated with measles virus. These effector cells CTL responses in Caucasian and West African adults to meawere twice depleted of CD4 and CD8 cells with immunomagsles virus F and H proteins and to a lesser extent to the NP. netic beads. Figure 4 shows that CD4-depleted cells gave higher
The observation that this CTL activity is directed to the F lysis than did CD8-depleted cells, but in both instances, there and H proteins with perhaps a lower prevalence of reactivity was a low but significant level of lysis to the F and H proteins towards the NP may be important in the choice of recombinant by the CD8-depleted cells.
constructs [22, 23] and subunit components [27] for new vaccines. Detailed studies in the acute phase of the infection will also be needed to determine the importance of these proteins in Discussion the acute CTL response, because in a number of negative-strand viruses, the NP has been shown to be the major target antigen The availability of recombinant vaccinia viruses expressing [29] [30] [31] . The recognition of this target or lack of it may be measles virus proteins has allowed us to demonstrate the multirelated to the protein sequence divergence of the NP, which has specific nature of in vitro CTL responses to measles virus been reported to consist of a highly variable C-terminal region proteins in seropositive adults. To design an effective new vaccine, it is important to understand the role of the individual [32] . The F protein, on the other hand, lacks antigenic variation We showed measles virus -specific CTL effectors in ú40% of our seropositive subjects. This result is consistent with earlier observations that T cell responses persist as memory cells in immune persons [6, 12 -15] , which are possibly stimulated by 
Z114
Autologous -A2, A26; B8, B53; DR4, 13 19 7 DR13*04/12, DR52, DQB6, DQB7 Class I -A26, A2 3 3 3 Class I -A2; B8, B53 10 13 0 [33] and is considered the most stable of the measles virus Class II -DQB7, DR13, DR52 13 10 7
proteins [34] . The H protein also shows little variation, as shown immunopathology. An alternative explanation is that this is to use in our assays. absence of the HLA DRB1*13 allele is associated with a lack of response to measles vaccine [39] . Considering that the anti-NOTE. F, fusion protein; H, hemagglutinin protein; NP, nucleoprotein.
gens of the HLA genes are important determinants in variable * Effector-to-target ratio, 20:1. † CTL assay was done between 6 and 8 weeks after vaccination.
immune responses to measles virus, it will be important to pursue studies on the influences of specific alleles to immune responsiveness in measles. reexposure to measles, a disease still endemic in The Gambia. However, many of the adult seropositive subjects failed to generate CTL responses. The explanation for this may be that the precursor CTL pool in these persons who had been infected with measles virus long ago was too small and could not be augmented sufficiently by a single in vitro stimulation. Another explanation advanced by Lucas et al. [12] , who was able to generate CTL responses in only 12% of adults, is that in nonresponders, there is probable suppression of cellular immune responses by persistent measles virus infection. This seems unlikely, as when we vaccinated subjects with no CTL response we were able to restimulate CTL. This boosting effect in adults further supports the explanation that frequencies of measles virus -specific effectors in nonresponders were below the detection threshold.
Comprehensive mismatching experiments using a panel of heterogenous target cells and the use of immunomagnetic beads for cell isolation have given insight into the HLA restriction and phenotypic effector function of measles virus antigenspecific T cells. In a selected Caucasian subject (figure 2), CTL were observed to be both HLA class I -and class II -restricted. We showed CTL with purified CD8 cells, but contrary to our expectations, purified CD4 cells did not kill (figure 2B). However, this may have been due to differences in the lytic potential of the isolated CD4 or CD8 cells after they had been separated by ferrous magnetic beads. The phenotypic dominance of CD8 CTL could also be confirmed by the higher inhibition of lysis with anti-CD8 antibody. The complete abrogation of lysis by both MAbs further indicates that a small proportion of CD4 phenotypes participates in the cell-mediated immune response. This is consistent with results reported by van Binnendijk and colleagues [6, 28] in studies of children recovering from acute 
